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[Designation of Document] Specification 

[Title of the Invention] COMMUNICATION TERMINAL 

[Claims] 

[Claim 1] A communication terminal including a board having 

5 a GND plane, the board connected to an antenna, and the board contained in 
a casing, the communication terminal, comprising: 

a first conductor part, formed of a conductor, and provided in the 
casing so as to be exposed from a rear face of the casing or to be along the 
rear face of the casing; and 
10 a second conductor part, formed of a conductor, and provided in the 

casing so as to be exposed from a bottom face or a side face of the casing or 
to be along the bottom face or the side face of the casing, 

wherein the second conductor part forms a perpendicular component 
with the first conductor part; and 
15 wherein the second conductor part is electrically connected to the 

GND plane of the board and the first conductor part. 

[Claim 2] The communication terminal as set forth in claim 1 , 

further comprising a passive element which is provided between the second 
conductor part and the GND plane of the board, 
20 wherein the second conductor part is electrically connected to the 

GND plane of the board through the passive element. 

[Claim 3] A communication terminal including a board to 

which a shield case is attached on a rear side of a casing, the board connected 
to an antenna, and the board contained in the casing, the communication 
25 terminal, comprising: 

/ 



a first conductor part, formed of a conductor, and provided in the 
casing so as to be exposed from the rear face of the casing or to be along the 
rear face of the casing; and 

a second conductor part, formed of a conductor, and provide in the 

5 casing, 

wherein the first conductor part and the second conductor part are 
provided between the rear face of the casing and the board; and 

wherein the second conductor part forms a perpendicular component 
with the first conductor part, and is electrically connected to the shield case 
1 0 attached to the board and the first conductor part. 

[Claim 4] The communication terminal as set forth in claim 1 , 

2, or 3, wherein the first conductor part and the second conductor part are 
formed in one piece. 
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[Detailed Description of the Invention] 

[o o o i ] 

[Technical Field to which the Invention Belongs] 

This invention relates to a communication terminal and in particular to 
5 a communication terminal capable of keeping the reception sensitivity good if 
the communication terminal is placed on a metal plate of a steel desk, etc., in a 
state in which the communication terminal is laid on its side. 

[0002] 

[Prior Art] 

10 Usually, a communication terminal such as a mobile telephone or a 

PHS is provided with an antenna. If the communication terminal is placed on 
a metal plate of a steel desk, etc., with the communication terminal laid on its 
side, the antenna is brought close to the metal plate and thus interconnection 
occurs and a current of an opposite phase to the current flowing through the 

15 antenna flows into the metal face, changing the radiation directivity of the 
antenna and largely changing the impedance characteristic. Thus, the 
matching state comes undone and the antenna gain is degraded; this is a 
problem, 
[o o o 3] 

20 To solve this problem, a small radio described in JP-A-1 0-1 26304 

(patent document 1) is provided with a whip antenna in the upper part of the 
rear and thus a rib for adjusting the reception sensitivity of the whip antenna is 
installed at a balanced position so that the upper side of the main body of the 
small radio floats when the main body of the small radio is laid on its side, as 

25 shown in FIG. 9. Accordingly, if the small radio is placed on a metal plate, the 
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antenna gain is not degraded and good reception sensitivity can be realized, 
[o o o 4] 

As an alternative method, a technique of switching an antenna 
element and a matching circuit by a switching element for impedance matching 
5 on a metal plate or a technique of providing a subantenna for also radiating on 
a metal plate is available, 
[o 005] 

[Patent document 1 ] 
JP-A-1 0-1 26304 

10 [0006] 

However, in the technique of installing the rib at the rear of the small 
radio described above, the thickness of the main body increases as much as 
the rib thickness and thus the small radio cannot be slimmed and the rib gives 
a large impact from the aspect of the design and thus the outward shape is 

15 impaired; this is a problem. In the technique switching of an antenna element 
and a matching circuit by a switching element or the technique of providing a 
subantenna, the circuit configuration and control become complicated and the 
cost increases and in addition, the technique is also undesirable for 
miniaturization. Thus, a communication terminal for suppressing degradation 

20 of the antenna gain if the main body of the communication terminal is placed 
on a metal plate with the main body laid on its side without the need for 
changing the size, the design, etc., of the terminal is demanded. 

[o o o 7] 

The invention is embodied in view of the problems in the related art 
25 and the demand described above and it is an object of the invention to provide 
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a communication terminal capable of keeping the reception sensitivity good if 
the communication terminal is placed on a metal plate with the communication 
terminal laid on its side without the need for changing the size or the design of 
the main body of the communication terminal. 

5 [0008] 

[Means for Solving the Problems] 

To accomplish the above-mentioned object, a communication 
terminal according to the invention is a communication terminal including a 
board having a GND plane, the board to which an antenna is connected, inside 

10 a casing, the above-mentioned communication terminal including a first 
conductor part being formed of a conductor and placed inside the casing so 
that it is exposed from a rear of the casing or is along the rear of the casing; 
and a second conductor part being formed of a conductor and placed inside 
the casing so that it is exposed from a bottom face or a side of the casing or is 

1 5 along the bottom face or the side of the casing, wherein the above-mentioned 
second conductor part forms a perpendicular component with the 
above-mentioned first conductor part and is electrically connected to the GND 
plane of the board and the above-mentioned first conductor part. 

[oo o 9] 

20 A high-frequency current flows from the antenna to the board. Since 

a high-frequency current of an opposite phase flows through a metal plate 
because of the mirror image effect in a state in which the communication 
terminal is placed on the metal plate with the rear of the casing down, the 
high-frequency current flowing through the board of the communication 

25 terminal is canceled and thus the radiation of the antenna is weakened. In 
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the state, the first conductor part is electrically connected to the metal plate or 
is short-circuited in a high-frequency manner to the metal plate and the second 
conductor part is connected to the GND of the board; the components 
perpendicular to the metal plate strengthen each other by the mirror image 
5 effect and thus the high-frequency current flowing through the top of the board 
flows into the second conductor part as an extension of the board, producing 
an electric field perpendicular to the metal plate. Thus, the antenna gain is 
not degraded and the reception sensitivity can be kept good. The first 
conductor part and the second conductor part can be installed with almost no 
1 0 need for changing the size or the design of the communication terminal. 

[oo i o] 

In the communication terminal according to the invention, a passive 
element is provided between the above-mentioned second conductor part and 
the GND plane of the board, and the above-mentioned second conductor part 
15 is electrically connected to the GND plane of the board through the passive 
element. 

[0011] 

The passive element is thus inserted between the second conductor 
part and the GND plane of the board, whereby the electric distribution of the 
20 second conductor part can be changed. Therefore, the resonance frequency 
of the second conductor part can be adjusted to any desired frequency in the 
presence of the passive element 

[0 0 12] 

Further, a communication terminal according to the invention is a 
25 communication terminal including a board to which a shield case is attached 
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on a rear of a casing and an antenna is connected inside the casing, the 
above-mentioned communication terminal including a first conductor part being 
formed of a conductor and placed inside the casing so that it is exposed from 
the rear of the casing or is along the rear of the casing; and a second 
5 conductor part being formed of a conductor and placed inside the casing, 
wherein the above-mentioned first conductor part and the above-mentioned 
second conductor part are placed between the rear of the casing and the 
board and wherein the above-mentioned second conductor part forms a 
perpendicular component with the above-mentioned first conductor part and is 
10 electrically connected to the shield case attached to the board and the 
above-mentioned first conductor part. 

[o o 1 3] 

A high-frequency current flows from the antenna to the board. Since 
a high-frequency current of an opposite phase flows through a metal plate 

15 because of the mirror image effect in a state in which the communication 
terminal is placed on the metal plate with the rear of the casing down, the 
high-frequency current flowing through the board of the communication 
terminal is canceled and thus the radiation of the antenna is weakened. In 
the state, the first conductor part is electrically connected to the metal plate or 

20 is short-circuited in a high-frequency manner to the metal plate and the second 
conductor part is connected to the shield case attached to the board; the 
components perpendicular to the metal plate strengthen each other by the 
mirror image effect and thus the high-frequency current flowing through the top 
of the board flows into the second conductor part as an extension of the board, 

25 producing an electric field perpendicular to the metal plate. Thus, the antenna 
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gain is not degraded and the reception sensitivity can be kept good. If the 
length of the board cannot be taken to the vicinity of the bottom face of the 
casing because of the positional relationship with other parts, the first 
conductor part and the second conductor part can be formed. The first 
5 conductor part and the second conductor part can be installed with almost no 
need for changing the size or the design of the communication terminal. 

[0 0 14] 

Further, preferably in the communication terminal according to the 
invention, the above-mentioned first conductor part and the above-mentioned 
1 0 second conductor part are integrally formed in one piece. 

[o o 1 5] 

[Embodiments of the present invention] 

Embodiments of communication terminals according to the invention 
will be discussed in detail in the order of (First embodiment), (Second 

15 embodiment), and (Third embodiment) with reference to the accompanying 
drawings. Each communication terminal described below is a folding 
communication machine such as a mobile telephone or a PHS including an 
antenna. However, the communication terminal is not limited to the folding 
communication machine and may be a straight type or flip type communication 

20 machine. 

[00 16] 

(First embodiment) 

FIG. 1 is an external view to show a communication terminal of a first 
embodiment. As shown in the figure, the communication terminal of the 
25 embodiment has two foldable casings (upper casing 103 and lower casing 



105) joined by a hinge 101 and an antenna 107 installed on the lower casing 
105. A bottom surface of the lower casing 105 denoted by numeral 109 in 
FIG. 1 and a rear denoted by numeral 111 are formed roughly at the right 
angle. A radiating element 121 corresponding to a second conductor part in 
5 Claims is provided so that it is exposed flush with the bottom surface 109 of 
the lower casing 105, and an auxiliary bottom board 123 corresponding to a 
first conductor part is provided so that it is exposed flush with the rear 111 of 
the lower casing 105; the radiating element and the auxiliary bottom board are 
joined roughly at the right angle. The radiating element 121 and the auxiliary 
1 0 bottom board 1 23 are conductors, 
[o o 1 7] 

The main part of the communication terminal of the embodiment will 
be discussed in detail with reference to FIG. 2. FIG. 2 is a schematic 
representation to schematically show the main part of the communication 

1 5 terminal of the first embodiment from a side. As shown in the figure, the lower 
casing 105 forming a part of the communication terminal of the embodiment is 
provided internally with a board 125 to which the antenna 107 is connected. 
Parts such as ICs, devices, and elements required for causing the 
communication terminal of the embodiment to operate as a communication 

20 machine are mounted on the board 125, and a GND plane (which will be 
hereinafter referred to as simply "GND") is also provided thereon. The 
radiating element 121 is connected to the GND of the board 125. 

[0 0 18] 

As shown in FIG. 2, a high-frequency current 131 flows from the 
25 antenna 107 to the board 125. Since a high-frequency current 133 of an 
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opposite phase flows through a metal plate 141 because of the mirror image 
effect in a state in which the communication terminal of the embodiment is 
placed on the metal plate 141 of a steel desk, etc., with the lower casing 105 
down, the high-frequency current 131 flowing through the board 125 is 
5 canceled. Thus, the essential radiation of the antenna 107 is weakened. In 
the state, the auxiliary bottom board 123 is electrically connected to the metal 
plate 141 and the radiating element 121 is connected to the GND of the board 
125; the components perpendicular to the metal plate 141 strengthen each 
other by the mirror image effect and thus the high-frequency current 131 
10 flowing through the top of the board 125 flows into the radiating element 121 
as an extension of the board, producing an electric field perpendicular to the 
metal plate 141. 

[o o 1 9] 

That is, the metal plate 141 and the auxiliary bottom board 123 are in 
15 electric contact with each other and thus are at the same potential, but the 
radiating element 121 is connected to the GND of the board 125 and the 
high-frequency current 131 from the antenna 107 flows into the GND of the 
board 125 and thus the high-frequency current 131 flows into the radiating 
element 121 as an extension of the board 125, whereby the radiating element 
20 121 produces an electric field of polarization component perpendicular to the 
metal plate 141, contributing to radiation. If the auxiliary bottom board 123 is 
not provided, the terminal of the radiating element 121 facing the metal plate 
141 cannot be short-circuited in a high-frequency manner relative to the metal 
plate 141 and a sufficient mirror image effect cannot be provided and thus the 
25 components perpendicular to the metal plate 141 do not strengthen each other 



and the radiating element 121 does not contribute to radiation. 

[o o 2 o] 

If the communication terminal of the embodiment is placed on the 
metal plate 141, the radiating element 121 is only a part of the GND of the 
5 board 125 together with the auxiliary bottom board 123 and thus the 
characteristic of the antenna 107 is not adversely affected. 

[002 1] 

As described above, the communication terminal of the embodiment 
includes the radiating element 121 connected to the GND of the board 125 and 

10 the auxiliary bottom board 123 joined to the radiating element 121 roughly at 
the right angle, so that the auxiliary bottom board 123 is electrically connected 
to the metal plate 141 and the radiating element 121 radiates a vertical electric 
field to the metal plate 141 in a state in which the communication terminal is 
placed on the metal plate 141 with the communication terminal laid on its side. 

15 Thus, the antenna gain is not degraded and the reception sensitivity can be 
kept good. 

[0022] 

In the embodiment, the radiating element 121 and the auxiliary 
bottom board 123 are exposed flush with the surface of the lower casing 105, 

20 but while a similar positional relationship is held, they may be provided inside 
the lower casing 105, as shown in FIG. 3. In this case, the radiating element 
121 and the auxiliary bottom board 123 are not exposed, so that the design of 
the communication terminal is not impaired and complicating the shape of the 
lower casing 105 can be prevented. When the communication terminal is 

25 placed on the metal plate 141, the auxiliary bottom board 123 forms a 



capacitor together with the metal plate 141 and thus becomes short-circuited in 
a high-frequency manner. Therefore, the radiating element 121 radiates an 
electric field of polarization component perpendicular to the metal plate 141 by 
the mirror image effect. 
5 [o o 2 3] 

If parts 151 of a connector, a jack, etc., are provided on the bottom 
face 109 of the lower casing 105, the lower casing 105 may be shaped so that 
a radiating element 153 is exposed from the peripheral portion of the parts 151, 
as shown in FIG. 4. In the embodiment, the radiating element 153 and an 
10 auxiliary bottom board 155 are formed as separate bodies and are joined, but 
may be formed in one piece. 

[o o 2 4] 

(Second embodiment) 

FIG. 5 is a schematic representation to schematically show the main 
15 part of a communication terminal of a second embodiment from a bottom face. 
FIG. 6 is a schematic representation to schematically show the communication 
terminal of the second embodiment from a side (a) and from a rear (b). Parts 
identical with those in FIGS. 1 and 2 (first embodiment) are denoted by the 
same reference numerals in FIGS. 5 and 6. 

20 [0025] 

The communication terminal of the second embodiment is provided 
with a board 125, metal fittings 201, a radiating element 203, and an auxiliary 
bottom board 205 inside a lower casing 105, as shown in FIGS. 5 and 6. The 
radiating element 203 and the auxiliary bottom board 205 are formed in one 
25 piece. The metal fittings 201 are fittings for fixing parts 207 of a connector, a 

12 



jack, etc., to the board 125 and are electrically connected to GND of the board 
125. Further, the radiating element 203 is provided with roof-type spring parts 
209 to come in contact with the metal fittings 201 , and the radiating element 
203 and the auxiliary bottom board 205 are electrically connected to the GND 
5 of the board 125 through the metal fittings 201 . However, not only the contact 
of the spring parts 209 is used, but also the metal fittings 201, the radiating 
element 203, and the auxiliary bottom board 205 may be formed in one piece. 

[0026] 

Thus, even with the communication terminal provided with the 
10 connector 207 fixed to the board 125 by the metal fitting 201, the radiating 
element 203 and the auxiliary bottom board 205 can be installed in a narrow 
space below the parts 207 and can be electrically connected to the GND of the 
board 125 through the metal fittings 201, so that similar advantages to those of 
the first embodiment can be provided. That is, the current components 
15 perpendicular to a metal plate strengthen each other by the mirror image effect 
even in a state in which the communication terminal is placed on the metal 
plate and thus the high-frequency current flowing through the top of the board 
125 flows into the radiating element 203 and the metal fittings 201 as an 
extension of the board, radiating an electric field of polarization component 
20 perpendicular to the metal plate. Thus, the antenna gain is not degraded and 
the reception sensitivity can be kept good. 

[0 0 2 7] 

As shown in FIG. 5, since the metal fittings 201 are provided each on 
each side of the parts 207, one metal fitting 201a may be connected directly to 
25 the GND of the board 125 and the other metal fitting 201b may be connected 



through a passive element (for example, an element having an L component) 
211 to the GND of the board 125. The passive element 211 is thus inserted 
between either metal fitting 201 and the radiating element 203, whereby the 
electric distribution of the radiating element 203 and the metal fitting 201 can 
5 be changed, 
[o o 2 8] 

Therefore, if a necessary area for the auxiliary bottom board 205 to 
be short-circuited in a high-frequency manner to the metal plate cannot be 
provided for the reason of the rear space of the lower casing 105, the 

10 resonance frequency of the radiating element 203 provided by the radiating 
element 203 and the metal fitting 201 can be adjusted to any desired 
frequency in the presence of the passive element 211. Consequently, the 
dipole antenna can radiate an electromagnetic wave of any desired frequency. 
However, preferably the area of the auxiliary bottom board 205 is 20 square 

15 millimeters or more as the minimum required area to short-circuit in a 
high-frequency manner to the metal plate. 

[0029] 

(Third embodiment) 

FIG. 7 is an external view to show a state in which a rear cover of a 
20 lower casing of a communication terminal of a third embodiment is removed 
from the rear. FIG. 8 is a schematic representation to schematically show the 
main part of the communication terminal of the third embodiment from a side. 
Parts identical with those in FIGS. 1 and 2 (first embodiment) are denoted by 
the same reference numerals in FIGS. 7 and 8. 

25 [0 0 3O] 



The communication terminal of the third embodiment is provided with 
a board 301, a shield case 303 attached to the rear of the board 301, a 
radiating element 305, and an auxiliary bottom board 307 inside a lower casing 
105, as shown in FIGS. 7 and 8. The radiating element 305 and the auxiliary 
5 bottom board 307 are formed in one piece on the rear of the lower casing 105 
of the board 301 . The radiating element 305 is formed in such a manner that 
a part of the auxiliary bottom board 307 is lifted up from the rear and is pressed 
against the shield case 303. Therefore, the shield case 303 and the radiating 
element 305 are electrically connected in a state in which the board 301 with 
10 the shield case 303, the radiating element 305, and the auxiliary bottom board 
307 are installed inside the lower casing 1 05. 

[O O 3 1 ] 

Therefore, when the communication terminal of the embodiment is 
placed on a metal plate, the auxiliary bottom board 307 forms a capacitor 

15 together with the metal plate and thus becomes short-circuited in a 
high-frequency manner. Therefore, the high-frequency current flowing 
through the top of the board 301 flows into the radiating element 305 as an 
extension of the board 301 by the mirror image effect, and the radiating 
element 305 radiates an electric field of polarization component perpendicular 

20 to the metal plate. Thus, the essential radiation of the antenna 107 is 
weakened as the communication terminal is placed on the metal plate, but the 
radiating element 305 contributes to the radiation and thus the antenna gain is 
not degraded and the reception sensitivity can be kept good. 

[o O 3 2] 

25 Since the amplitude of the high-frequency current flowing through the 



board 301 also varies depending on the position on the board 301, the electric 
distribution of the radiating element 305 can be changed by properly selecting 
the position of the point at which the radiating element 305 comes in contact 
with the shield case 303. Therefore, the resonance frequency of the radiating 
5 element 305 can be set to any desired frequency, so that the radiating element 
305 can radiate an electromagnetic wave of any desired frequency. 

[o o 3 3] 

As described above, in the communication terminal of the 
embodiment, if the length of the board 301 cannot be taken to the vicinity of a 

10 bottom face 109 of the lower casing 105 because of the positional relationship 
of a battery, etc., the radiating element 305 and the auxiliary bottom board 307 
can be formed. Therefore, in a state in which the communication terminal is 
placed on a metal plate with the communication terminal laid on its side, the 
auxiliary bottom board 305 is short-circuited to the metal plate in a 

15 high-frequency manner and the high-frequency current on the top of the board 
301 flows into the radiating element 305 as an extension of the board 301, 
radiating an electric field of polarization component perpendicular to the metal 
plate. Thus, the antenna gain is not degraded and the reception sensitivity 
can be kept good. The contact point between the radiating element 305 and 

20 the shield case 303 is set to an appropriate position on the board 301, 
whereby radiation from the radiating element 305 can be accomplished at any 
desired frequency. 

[o o 3 4] 

In the embodiment, the auxiliary bottom board 307 is provided inside 
25 the lower casing 105, but may be provided so that it is exposed flush with a 



rear 1 1 1 of the lower casing 105. The shape of the radiating element 305 is 
not limited to the example shown in the figure and may be any if perpendicular 
component with the auxiliary bottom board 307 is formed. However, 
preferably the area of the auxiliary bottom board 307 is 20 square millimeters 
5 or more as the minimum required area to short-circuit in a high-frequency 
manner to the metal plate. 

[0 0 3 5] 

[Advantageous Effects of the Invention] 

As described above, a high-frequency current flows from the antenna 

10 to the board. Since a high-frequency current of an opposite phase flows 
through a metal plate because of the mirror image effect in a state in which the 
communication terminal is placed on the metal plate with the rear of the casing 
down, the high-frequency current flowing through the board of the 
communication terminal is canceled and thus the radiation of the antenna is 

15 weakened. According to the communication terminal according to the 
invention, in the state, the first conductor part is electrically connected to the 
metal plate or is short-circuited in a high-frequency manner to the metal plate 
and the second conductor part is connected to the GND of the board; the 
components perpendicular to the metal plate strengthen each other by the 

20 mirror image effect and thus the high-frequency current flowing through the top 
of the board flows into the second conductor part as an extension of the board, 
producing an electric field perpendicular to the metal plate. Thus, the antenna 
gain is not degraded and the reception sensitivity can be kept good. The first 
conductor part and the second conductor part can be installed with almost no 

25 need for changing the size or the design of the communication terminal. 

17 



[Brief Description of the Drawings] 

FIG. 1 is an external view to show communication terminals of a first 

embodiment; 

FIG. 2 is a schematic representation to schematically show the main 
5 part of the communication terminal of the first embodiment from a side; 

FIG. 3 is a schematic representation to schematically show the main 
part of a communication terminal of another embodiment from a side; 

FIG. 4 is an external view to show communication terminals of 
another embodiment; 
10 FIG. 5 is a schematic representation to schematically show the main 

part of a communication terminal of a second embodiment from a bottom face; 

FIG. 6 is a schematic representation to schematically show the 
communication terminal of the second embodiment from a side (a) and from a 
rear (b); 

15 FIG. 7 is an external view to show a state in which a rear cover of a 

lower casing of a communication terminal of a third embodiment is removed 
from the rear, 

FIG. 8 is a schematic representation to schematically show the main 
part of the communication terminal of the third embodiment from a side; and 
20 FIG. 9 is a side view to show the configuration of a small radio 

described in JP-A-1 0-1 26304. 

[Description of the Reference Numerals] 
101 hinge 

103 upper casing 

25 1 05 lower casing 
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1 07 antenna 

121, 153, 203, 305 radiation element 
123, 155, 205, 307 auxiliary bottom board 
201 metal fitting 
5 303 shield case 
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[Designation of Document] Abstract 
[Abstract] 

[Problem] An object of the invention is to provide a communication terminal 
capable of keeping the reception sensitivity good if the communication terminal 
5 is placed on a metal plate with the communication terminal laid on its side 
without the need for changing the size or the design of the main body of the 
communication terminal. 

[Means for Resolution] A board (125) to which an antenna (1 07) is connected 
is provided inside a lower casing (105). The board (125) is provided with a 

10 GND plane to which a radiating element (121) is connected. An auxiliary 
bottom board (123) is joined to the radiating element (121) in a roughly 
perpendicular direction thereto. The radiating element (121) and the auxiliary 
bottom board (123) are conductors. A high-frequency current (131) flows into 
the board (125). Since a high-frequency current (133) of an opposite phase 

15 flows through a metal plate (141) because of the mirror image effect in a state 
in which the communication terminal is placed on the metal plate (141), the 
high-frequency current (131) is canceled and the radiation of the antenna (107) 
is weakened. However, the components perpendicular to the metal plate 
(141 ) do not cancel each other because of the mirror image effect and thus the 

20 radiating element (121) forms a dipole antenna symmetrically with the metal 
plate (141). 

[Selected Figure] Fig. 2 
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